The discovery that mutations in transcription factors expressed in the pancreatic beta cell can cause diabetes mellitus [1] has led many groups to search for mutations in islet transcription factors in patients who appear to have a monogenic form of this disorder including maturity-onset diabetes of the young (MODY) and early-onset autosomal-dominant Type II (non-insulin-dependent) diabetes mellitus. Diabetes-associated mutations have been found in a nuclear receptor (hepatocyte nuclear factor (HNF)-4a ) and a basic helix-loop-helix (bHLH) protein (NeuroD1/BETA2) [6] . In addition, mutations in the glycolytic enzyme glucokinase can cause MODY [7] . The molecular mechanism(s) by which mutations in the transcription factors described above cause diabetes are poorly understood but could include effects on pathways regulating insulin secretion as well as islet development. Mutations in the HNF-1a and glucokinase genes are the most common causes of monogenic forms of diabetes amongst Europeans [8] . They seem, however, to be less important in Asians (Japanese and Chinese) and the major gene(s) responsible for MODY in Asians Diabetologia (2000) Abstract Aims/hypothesis. Mutations in the transcription factor hepatocyte nuclear factor (HNF)-4a are the cause of one form of maturity-onset diabetes of the young, MODY1. The HNF-4g is structurally related to HNF-4a and is expressed together with HNF-4a in pancreatic islets. We therefore tested the hypothesis that genetic variation in the HNF-4g gene (HNF4G) is associated with MODY in Japanese subjects. Methods. We screened the protein coding region of HNF4G (exons 3±11) for mutations in 57 unrelated Japanese subjects with MODY by amplifying each exon and adjacent intron region using the polymerase chain reaction (PCR) and specific primers and then directly sequencing the PCR products. The frequency of each variant was compared between patients with MODY and a group of non-diabetic subjects.
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is not known. The HNF-4g is structurally-related to HNF-4a and like HNF-4a is also expressed in islets [9] . Thus, it is a plausible candidate diabetes gene. Genetic variation in the HNF-4g gene (HNF4G) was not the cause of diabetes in 32 multigenerational families of European ancestry with early-onset autosomal-dominant Type II diabetes unlinked to known MODY genes [10] . We examined the relation between genetic variation in HNF4G and MODY in Japanese.
Subjects and methods
Subjects. The study cohort consisted of 57 unrelated Japanese subjects with a diagnosis of MODY, the clinical features of which have been described [11] . These subjects have previously been screened for mutations in the HNF-1a, ±1b and ±4a, IPF-1, NeuroD1/BETA2, Nkx2.2, HNF-3b and DCoH genes. Mutations in the HNF-1a gene have been excluded as the cause of MODY in each of these subjects. This group does include one subject with a nonsense mutation in the HNF-1b gene and two subjects with putative diabetes-associated mutations in the HNF-4a gene. The control group consisted of 50 unrelated non-diabetic (by oral glucose tolerance testing) subjects. All subjects were recruited from Tokyo Women's Medical University. This study was approved by the Institutional Review Board of Tokyo Women's Medical University and were amplified together and the PCR product was sequenced using two forward primers Table 2 . Polymorphisms in HNF4G in Japanese subjects a Nucleotide (nt) numbering ± the A of the ATG of the initiator Met codon is denoted nucleotide + 1 and the lower case c for cDNA in front of the nucleotide number indicates that the reference sequence is the cDNA sequence (if the reference sequence was the genomic sequence, lower case g for genomic would precede the nucleotide number). The nucleotide location within an intron is numbered relative to the splice donor (+) or acceptor (±) site. The frequency of each substitution was determined in 57 unrelated MODY patients and 50 unrelated non-diabetic (by oral glucose tolerance testing) subjects. The polymorphism located in intron 7, nt + 6 is a complex polymorphism with variation in length of both the T-tracts and A-tracts and 76 % and 72 % of the MODY patients and control subjects were heterozygous at this site. In addition to the polymorphisms described above, we also noted another polymorphism in intron 6 (IVS6nt+90G/T) that we did fully characterise in these samples. There is statistically significant linkage disequilibrium among the polymorphisms listed above with near perfect linkage disequilibrium between the following pairs: c.432A/G and IVS6nt-78C/G; M/I190 and IVS9nt-94 A/G; and c.1289G/A and c.1350G/A. From the polymorphisms found in Japanese five (IVS6nt-78C/G, IVS9nt-94A/G, IVS9nt-19A/T, IVS10nt+34T/A and c.1350G/A) were not reported in [10] . UTR-untranslated region was carried out in accordance wtih the principles of the Declaration of Helsinki II. Informed consent was obtained from all subjects before participation in this study.
Screening for mutations in HNF4G. The coding region (exons 3±11) and the flanking intron sequences were screened for mutations by amplifying specific regions using the primers listed in Table 1 and then by directly sequencing the PCR products using an ABI PRISM dRhodamine terminator cycle sequencing ready reaction kit (PE Applied Biosystems, Foster City, Calif., USA) and an ABI Prism 377 DNA Sequencer.
Statistical tests. Alleles frequencies were compared using a chisquared test and p less than 0.05 was considered significant.
Results
The HNF4G is located on chromosome 8 and consists of 12 exons: exons 1 and 2 encode portions of the 5'-untranslated region; exon 2A, an alternative exon found in kidney transcripts and exons 3±11 which contain the protein coding and 3'-untranslated region ( [10] , GenBank Accession nos. NM_004 133 and AH008 234). The coding region (exons 3±11) and adjacent introns were screened for mutations in 57 unrelated Japanese subjects with MODY. We found ten sequence variants ( Fig. 1 ). There was no statistically significant difference in the frequency of any of these polymorphisms between the subjects with MODY and non-diabetic control subjects.
Discussion
We have found ten polymorphisms in HNF4G in Japanese subjects. Direct screening for mutations and association studies suggest that genetic variation in the coding region of HNF4G is unlikely to be a major cause of MODY in Japanese patients. Given the heterogeneous nature of MODY and the presence of families with mutations in a related nuclear receptor, HNF-4a, there could, however, be rare families with diabetes due to mutations in HNF4G.
